Objective: Recent studies have demonstrated that surgical menopause results in a significantly increased risk of nonalcoholic fatty liver disease (NAFLD) in women with endometrial cancer. In addition, venous thromboembolism (VTE) is known to be one of the major prognostic factors for decreased survival in endometrial cancer. Given the fact that coagulation factors are produced in the liver, the correlation between NAFLD and VTE was examined in endometrial cancer. Methods: A retrospective study was conducted to examine patients with endometrial cancer who underwent surgical staging including oophorectomy between 2000 and 2013 (n ¼ 714). Cumulative risk of VTE was examined based on the NAFLD status. A Cox proportional hazard regression model was used to determine the independent risk predictors of VTE. Results: Venous thromboembolism and NAFLD were seen in 57 (8.0%) and 181 (25.4%) cases, respectively. Two-year cumulative risks of VTE and NAFLD were 7.9% and 19.3%, respectively. In univariate analysis, VTE was significantly associated with decreased disease-free survival (2-year rate, 43.6% vs 91.4%, P < .001) and overall survival (65.8% vs 96.8%, P < .001), whereas NAFLD was associated with decreased risk of VTE (1.7% vs 10.4%, P < .001). In multivariate analysis controlling for clinicopathological factors, NAFLD remained an independent predictor of decreased risk of VTE (hazard ratio [HR]: 0.24, 95% confidence interval [CI]: 0.07-0.79, P ¼ .02). Thrombocytosis (HR: 2.30, 95% CI: 1.22-4.35, P ¼ .01), cancer antigen 125 ! 35 (HR: 3.81, 95% CI: 1.78-8.17, P < .001), and recurrent disease (HR: 4.57, 95% CI: 1.97-10.6, P < .001) remained as independent predictors of increased risk of VTE. Conclusion: Our results suggest that NAFLD may be associated with decreased VTE risk in women with endometrial cancer.
Introduction
Endometrial cancer is the most common of the gynecologic cancers. 1 Surgery with hysterectomy and salpingooophorectomy remains the standard treatment of endometrial cancer. As a consequence of oophorectomy, young premenopausal women will experience estrogen withdrawal that impact both short-and long-term effects in health. 2 Estrogen loss leads to several metabolic derangements including development of visceral adiposity, insulin resistance, and impaired glucose metabolism. 3 Estrogen plays an important role in maintaining lipid metabolism, and its deficiency has been related to lipid accumulation in the hepatocyte (hepatic steatosis), development of nonalcoholic fatty liver disease (NAFLD), and insulin resistance. According to a recent study, NAFLD is one of the most prevalent conditions diagnosed after surgical menopause in young women with endometrial cancer. 4 Nonalcoholic fatty liver disease entails a spectrum of liver damage, which ranges from simple steatosis to nonalcoholic steatohepatitis, advanced fibrosis, and cirrhosis and can lead to mild to moderate liver dysfunction. 5 Maintenance of hemostasis is one of the many vital functions governed by the liver. The liver plays a central role in synthesizing several factors belonging to the pathways of coagulation, anticoagulation, fibrinolysis, and platelet production. Therefore, patients with chronic liver disease may experience coagulation and hemostatic disorders.
Venous thromboembolism (VTE) is another common complication in women with endometrial cancer, and it has been associated with decreased survival outcome. 6 The development of a persistent hypercoagulable state mediated by tumor activity is considered to be the key feature in the pathogenesis of VTE. 7 Paraneoplastic thrombocytosis is an important component of the serum milieu responsible for hypercoagulability, and the liver plays a crucial role in paraneoplastic thrombocytosis through interleukin 6 (IL-6) cascade. 8 Given the high prevalence of NAFLD after surgical menopause and the major role of the liver in the coagulation system, especially the IL-6 cascade, we examined the association between NAFLD and the risk of VTE in patients with endometrial cancer.
Materials and Methods Study Design and Eligibility
After institutional review board approval from the University of Southern California, patients with primary endometrial cancer who had undergone surgical staging including oophorectomy between 2000 and 2013 were retrospectively identified from the institutional database for endometrial cancer. All the patients had their follow-up at the University of Southern California and Los Angeles County Medical Center. Metastatic cancer to the endometrium, carcinosarcoma, uterine sarcoma, and endometrial hyperplasia were excluded from the study. Patients included in this study had been followed to assess VTE and/or NAFLD between the initial endometrial cancer diagnosis and subsequent follow-up time during treatment. Eligible cases were divided into 2 groups: patients with VTE and patients without VTE. There was no case with history of VTE in our study population. This study population of endometrial cancer was chosen because endometrial cancer is strongly associated with obesity, which is a well-known risk factor for developing NAFLD. 3, 4 The STrengthening the Reporting of OBservational studies in Epidemiology guidelines were consulted for reporting in a retrospective cohort study.
Clinical Information
Among cases eligible for analysis, medical records were examined to abstract the following information: (1) patient's demographics, (2) histopathological findings at the time of initial endometrial cancer diagnosis, (3) laboratory tests and imaging findings at the time of NAFLD diagnosis, and (4) survival outcomes. Demographic characteristics analyzed included age at the time of surgical operation, ethnicity, body mass index, and medical comorbidities such as diabetes mellitus, hypertension, hypercholesterolemia, and liver disease. History of b-blocker, statin, and metformin use was collected. For histological findings, detailed information was obtained from pathology reports at the time of surgical staging: histology subtype, tumor grade, and stage. Laboratory tests abstracted from records included the cancer antigen 125 (CA-125) and platelet count. Radiology reports for imaging modalities used to diagnose NAFLD were reviewed. Information regarding cirrhosis and nonalcoholic steatohepatitis (NASH) was also abstracted from records. Disease-free survival (DFS) and overall survival (OS) were used to determine survival outcome.
Patients received care per clinical standards in our institution. Postoperative VTE prophylaxis includes early ambulation, pneumatic compression devices, and pharmacologic anticoagulation (enoxaparin or heparin, starting from postoperative day 1 until the day of discharge). Patients diagnosed with VTE were treated using therapeutic dosing of lowmolecular-weight heparin for a minimum of 6 months or until resolution of active disease in patients with serum or radiologic evidence of malignancy. Serum testing including a liver function panel is performed at each clinic visit during postoperative follow-up (every 3 months for first 2 years, every 6 months until 5 years after surgery). Liver ultrasonography was performed as indicated by abnormal serum screening results or patient symptoms suspecting NAFLD. Systemic imaging with computed tomography (CT) was performed whenever recurrence was suspected.
Definition
Cancer grade and stage were reclassified based on the recent International Federation of Gynecology and Obstetrics guidelines. 9 Advanced stage was defined as stage III and IV. Histologic subtypes were grouped as endometrioid, serous, clear cell, or other adenocarcinoma. Written medical records and radiology reports including Doppler study, CT scan, pulmonary angiogram, and ventilation perfusion lung scan were reviewed for the diagnosis of NAFLD and VTE. Nonalcoholic fatty liver disease was defined as abnormal liver function testing in addition to radiographic evidence of increased hepatic echogenicity on ultrasonography or attenuation of the liver on CT. Diseasefree survival was defined as the time interval between the date of endometrial cancer diagnosis and the date of first recurrence, progression of disease, or last follow-up if there was no recurrence or progression. Overall survival was defined as the time interval between endometrial cancer diagnosis and the date of death or the last follow-up if the patient was still alive or died of other disease.
Statistical Analysis
The primary outcome was the association of NAFLD on the cumulative risk of VTE and survival outcome. The secondary outcome was to determine the independent risk factors for VTE in endometrial cancer. Continuous variables were assessed for normality (Kolmogorov-Smirnov test) and expressed as appropriate (mean [standard deviation, SD] or median [range]). Statistical significance of continuous variables was assessed with Student t test or Mann-Whitney U test as appropriate. Categorical or original variables were assessed with w 2 test or Fisher Nonalcoholic fatty liver disease was diagnosed in 181 (25.4%) cases during the follow-up after surgical management of endometrial cancer. There was 1 (0.1%) case of cirrhosis related to NAFLD, and no NASH case was reported in this study cohort. Women with NAFLD were less likely to develop VTE (P < .001). There were 57 (8.0%) patients with VTE reported in the cohort (DVT alone 57.9%, PE alone 17.5%, and DVT/PE 24.6%). Women who developed VTE were older (P ¼ .011), had higher CA-125 levels (P < .001), higher platelet count (P < .001), serous and clear cell histology (P < .001), high-grade tumor (P < .001), and advanced stage (P < .001). Women with VTE were less likely to have diabetes mellitus (P ¼ .002) and NAFLD (P < .001). Results of the timedependent analysis for the risk of VTE after surgical staging for endometrial cancer are shown ( Figure 1A ). Two-year cumulative risks of VTE differed significantly in the presence of NAFLD (7.9% vs 19.3%).
To identify independent risk factors for VTE, a multivariate analysis was performed ( Table 2) . On multivariate analysis controlling for clinicopathological factors, NAFLD remained an independent predictor of the decreased risk of VTE (adjusted HR: 0.24, 95% CI: 0.07-0.79, P ¼ .02). Thrombocytosis was significantly associated with an increased risk of VTE (adjusted HR: 2.30, 95% CI: 1.22-4.35, P ¼ .01). In addition, high CA-125 level (adjusted HR: 3.81, 95% CI: 1.78-8.17, P < .001) and recurrent disease (adjusted HR: 4.57, 95% CI: 1.97-10.6, P < .001) remained independent risk factors for increased risk of VTE.
To determine the independent risk factors for DFS in endometrial cancer, multivariate analysis was performed ( Log-rank test for P value. P < 0.001 between VTE(À)/NAFLD(À) and VTE(þ)/NAFLD(À). P ¼ 0.012 between VTE(À)/NAFLD(À) and VTE(À)/NAFLD(þ). P < 0.001 between VTE(þ)/NAFLD(À) and VTE(À)/NAFLD(þ). P ¼ 0.035 between VTE(þ)/NAFLD(À) and VTE(þ)/NAFLD(þ). NAFLD indicates nonalcoholic fatty liver disease; VTE, venous thromboembolism.
Survival analysis for OS was performed ( Conversely, NAFLD (adjusted HR: 0.35, 95% CI: 0.13-0.94, P ¼ .038) remained an independent factor for improved OS. When patterns of NAFLD and VTE were combined ( Figure 1B) , it demonstrated a distinct survival outcome for DFS. That is, among non-NAFLD cases, the presence of VTE was associated with decreased DFS: VTE(À)/ NAFLD(À) versus VTE(þ)/NAFLD(À), P < .001. Among VTE cases, the presence of NAFLD was associated with improved survival: VTE (þ)/NAFLD(À) versus VTE (þ)/ NAFLD(þ), P ¼ .035. 
Discussion
In this study, NAFLD was associated with the decreased risk of VTE in patients with endometrial cancer. Patients who developed NAFLD also had better survival outcome. In contrast, VTE was associated with poor survival outcome, and thrombocytosis was an independent risk factor for VTE, which highlights the important role of paraneoplastic thrombocytosis in VTE formation and reduced cancer survival. Based on our results, we speculated that NAFLD may disrupt the feed-forward loop of paraneoplastic thrombocytosis in cancer progression and therefore decreases the risk of VTE formation (Figure 2) . The association between cancer and VTE has been well established. Cancer-associated thrombosis (Trousseau syndrome) is the second leading cause of death in patients with cancer. 10 The pathogenesis and risk factors for cancerassociated thrombosis are multifactorial and may be classified into 3 different categories: patient-related factors (older age, immobility, history of thrombosis, obesity, elevated leukocyte, and platelet counts), treatment-related factors (surgery, platinum-based chemotherapy, hormonal agents, and antiangiogenic factors), and malignancy-related factors (primary site such as adenocarcinoma of ovary, uterus, pancreas stomach, and lung, advanced and metastatic disease, and invasion to large vessels). 5, 6 A recent study identified 4 independent risk factors for VTE in endometrial cancer including elevated CA-125 levels, extrauterine disease, thrombocytosis, and high-risk histology. 7 Our findings corroborated those of the previous study; patients with older age, advanced stage, high-grade tumor, and nonendometrioid histology were more likely to develop VTE.
Previous studies have demonstrated that platelet count and inflammation are dominant contributors to hypercoagulability. 8 Alterations in serum components in patients with cancer include increased coagulation activation and activation of the inflammatory cascade, reduced red blood cell deformability, elevated plasma fibrinogen concentration, and possibly hemoconcentration due to third spacing, all of which can increase blood viscosity and reduce blood flow. 9 It has been suggested that thrombocytosis, leukocytosis, and anemia are all associated with VTE. 10, 11 In our study, thrombocytosis was significantly associated with an increased risk of VTE and VTE was correlated with decreased survival outcome.
Thrombocytosis not only leads to a hypercoagulable status but also plays a major role in tumor growth, tissue invasion, and metastasis. Platelets act as protective ''cloaks'' helping tumor cells evade immune surveillance in the blood and promote tumor cell extravasation and metastasis. 12, 13 In fact, paraneoplastic thrombocytosis appears to involve a ''positive feedback loop,'' in which tumor cells secrete cytokines such as IL-6 that stimulate thrombocytosis.
The IL-6 cascade plays a particularly crucial role in the mechanism of paraneoplastic thrombocytosis. Interleukin 6 induces thrombopoietin (TPO) synthesis in the hepatocytes, which consequently increases platelet production by the bone marrow. 8 Thrombopoietin is the major physiological regulator of platelet production. Thrombopoietin is produced in the liver at a constant rate and cleared by TPO receptors on platelets. 14 In addition, IL-1, IL-3, IL-6, IL-11, and oncostatin M have been suggested as possible factors contributing to increased TPO production. 15 The IL-6 effect is mediated through the induction of TPO messenger RNA (mRNA) expression and protein production in the liver, and TPOneutralizing antibodies can abrogate the process of paraneoplastic thrombocytosis. 16 Given the important role of the liver in the production of coagulation factors, it is not unexpected that liver disease may be associated with changes in the serum milieu due to defects in synthesis or clearance of proteins involved in coagulation. Estrogen deprivation is a recognized risk factor for NAFLD development. Additionally, laboratory abnormalities including aspartate aminotransferase/alanine aminotransferase ratio of >1, thrombocytopenia, hypoalbuminemia, and elevated prothrombin time may be found in patients with NAFLD. 17 There are a limited number of published studies on the abnormalities associated with NAFLD including alteration in the coagulation cascade and thrombocytopenia in NAFLD, and those that exist have inconsistent findings. Some literature endorses TPO as a primary mechanism for these serum abnormalities, whereas others report contradictory results such as a normal or an increased level of TPO. 5, [18] [19] [20] [21] [22] [23] In a normal physiologic state, TPO is produced in the liver, released into the circulation without any stored form, and its production is thought to be dependent on the hepatocyte function. After liver resection or liver disease, TPO levels and subsequent platelet counts may decrease. [21] [22] [23] Serum TPO levels correlate inversely with the severity of liver disease as reflected by the degree of fibrosis, Child-Pugh class, and other synthetic measures of the liver function. 24 The decrease in TPO production due to the reduction in functional hepatocytes can disrupt the main loop of paraneoplastic thrombocytosis through the IL-6 cascade. Therefore, it can be hypothesized that alterations in the hepatic production of TPO may be partially responsible for the association found between NAFLD, decreased platelet count, and reduced risk of VTE.
Notably, emerging evidence has linked the presence of NAFLD with low-level activation of the coagulation system. Hypercoagulability and thrombophilia in NAFLD can be described through different mechanisms. The most often reported factor is an increase in plasminogen activator inhibitor 1 (PAI-1) level, which results in the reduction of fibrinolysis. The level of PAI-1 is closely related to visceral adiposity in NAFLD. 25, 26 The second factor is an increase in the fibrinogen and factor VII level, as well as an increase in the activities of coagulation factors VIII, IX, XI, and XII. [25] [26] [27] Additionally, clotting kinetics in NAFLD cases showed significantly stronger clot development and reduced clot lysis; this effect has not been related to platelet counts. 28 Although there are multiple studies that have investigated NAFLD hypercoagulable status in general population, there is currently no prior study examining the NAFLD effects on coagulation status in cancer population. [29] [30] [31] It is well known that cancer is a state of hypercoagulopathy. 10, 11, 15 That is, tumorderived IL-6 stimulates the hepatocyte to produce TPO to induce thrombocytosis via bone marrow stimulation as well as increase coagulation factors of which these two pathways will increase the risk of VTE. 32, 33 In endometrial cancer, high serum levels of IL-6 are reported in serous histology that is associated with an increased risk of VTE. 7, 27 In the absence of chronic liver disease, tumor-derived IL-6 increases hepatic TPO steady-state synthesis, leading to paraneoplastic thrombocytosis. However, in patients with chronic liver disease, secreted TPO levels are decreased due to impaired production. 25 Decreased hepatic TPO mRNA in the hepatocytes diminishes the total amount of TPO available in the tissue to bind both megakaryocytes and platelets. 22 There are diversities in the association between serum TPO levels and various liver conditions. 28 Serum TPO levels seem not to always correlated with its hepatic productivity, platelet counts, or severity of liver disease because the serum TPO level is posttranscriptionally regulated by platelets and megakaryocytes and by platelet-megakaryocyte TPO receptor-mediated uptake and destruction. 22, 24 On the other hand, there is an inverse relationship between hepatic TPO production and the severity of underlying liver disease. 26 Therefore, IL-6mediated hepatic TPO production in paraneoplastic thrombocytosis in patients with cancer may be more vulnerable to the liver dysfunction than patients without cancer, and it is speculated that the disruption of coagulation pathway due to impairment of liver function after developing NAFLD may cause relative reduction in coagulation status resulting in reduced risk of VTE in patients with cancer. Because this study did not have results for biomarkers related to coagulation factors, further study to validate our findings will be warranted.
It has been reported that NAFLD is characterized by a procoagulant imbalance progressing from the less severe (steatosis) to the most severe form of the disease (metabolic cirrhosis). 34, 35 This imbalance appears to result from increased factor VIII and reduced protein C and might play a role in the risk of cardiovascular events and liver fibrosis commonly observed in NAFLD. 29, 35 Therefore, NAFLD may be associated with higher cardiovascular disease morbidity and mortality. 36, 37 In this study cohort, there was no death related to cardiovascular disease, but this is likely due to the short follow-up time in the study cohort.
As with any retrospective study, there is inherent bias and many potential confounders. This study did not have data regarding TPO levels to support the proposed mechanism of the relationship between NAFLD and VTE. A lack of laboratory or biopsy results for evaluating the severity of liver damage also prevents this study from evaluating the effect of liver disease severity on platelet count. Despite these limitations, this study has a rare focused look at several risk factors for VTE in patients with endometrial cancer. We identified several useful clinical and laboratory characteristics that may help clinicians working with patients with postoperative endometrial cancer.
Conclusion
Nonalcoholic fatty liver disease is significantly associated with decreased development of VTE in women with endometrial cancer. In addition, women with NAFLD have improved survival outcome. This association suggests a possible role of the liver in the feed-forward loop in paraneoplastic thrombocytosis in thrombosis formation and cancer progression. Further preclinical and preclinical studies will be warranted to examine the role of liver disease in disruption of this cancerrelated thrombosis.
